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The steel ball 4 of diameter D slides freely on the horizontal rod which leads to the pole face 
of the electromagnet. The force of attraction obeys an inverse-square law, and the resulting 
acceleration of the ball is a= K/(L - x)?, where K is a measure of the strength of the magnetic 


ab) = r 


(D adx = udu 
O X(t) 2 Xo * Mott at 


` Apoly Equation 4 


d x| l et asta) 
= = A dw = | 2 HET AA 
QA dx =vdv > | ues da 
( ^J L x E I 3 X k x m k 
iv ] = | K(L-%) + dx = -k(L-%) に り | = = | = 
- K(D kla) . kl-KUtkx _ KY 
Gau Lat (t=) L(L-X) 
1.2 _ KX 
vr L(L-x) 


= | 2KX ' 
[vin] L(L- ス ) 
` When the Sphere is contacting the cod, X=\- DI 
E d -&) À | 2kK(1-02) — _ [2k(L-0/2) _ /#4K(L-04) 
a) "J item) ^J LADA) Jo 
ユ K(L-0h) 
VR d = 


A marksman fires a practice round from 4 toward a target B. If the target diameter is 160 mm 
and the target center is at the same altitude as the end of the rifle barrel, determine the range of 
“shallow” launch angles ۵ for which the round will strike the target. Neglect aerodynamic drag 
and assume that the round is directed along the vertical centerline of the target. (Note: The word 
“shallow” indicates a low-flying trajectory for the round.) 


Fa 
Top 
A 900۳6 ^ Drag 
M. enter 
Boots Weight 
一 一 m 
W SVO 


` Given Parameters : Ny = 900 Sin O 
Vo = Qoo m/s j L = ۱500 m a. V 


«7 Ak = 400 60 
“Governing 6 no cemdynamic dreg 


5 ابر ا‎ * Both X, Yo located ot barrel of 
X(+) p Xt Ax t u Le で rible | thos (Xo No) L (0,0) 
Vt) = Y+ Ay te + Änt , Gy =-9 رو‎ ot datan. 


Ax = ۹0069 j Uy = qoosine 


"Cose 1, hitting the top of the toget 
(500 = Qoo coset @ 
Qleb = qoosinet - + (481) t © 
> substitute O ino © 


45901113 ol - = aoosine (B~) - at e) 


MA 


0.08 = ۱50۵4۵06 - 3 [ce Seg  * Solve using “SOLVE” function 


on Calculator 
O,= 05236" 


6 2 05 48 6 69-05? 


-Cose 2 botow of target 
۱500 = Qoocoset © 07 S 
-Qleb = qoosinet - (48) O O 


MIE 100S - Winter 2022 
Tutorial 02 - Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 2, Reserve Problem 2/054 


An overhead view of part of a pinball game is shown. If the plunger imparts an initial speed of 
3 m/s to the ball at time t = 0, determine the acceleration a of the ball (a) at time t= 0.08 s and 
(b) at time t= 0.20 s. At point F, the speed of the pinball has decreased by 10% from the initial 
value, and this decrease may be assumed to occur uniformly over the total distance traveled by 
the pinball. Use the values r = 150 mm and の = 60°. 


Engineering Mechanics: Dynamics, 9" Edition 


Question Title: Chapter 2, Reserve Problem 2/054 


An overhead view of part of a pinball game is shown. If the plunger imparts an initial speed of 


etermine the acceleration a of the ball (a) at time t= 0.08 s and 
at time t= 0.20 s. 


and this decrease may be assumed to occur uniformly over the total distance traveled by 
se the values r 150 mm and 0 = 60°. Lo Constant Accel | 


Known Quantties 


Un = 3m/s 
Ur =(0-9)Va = 09(3m4) = 23 m/s 
> Arc Length : L=CO (6 in mdions) 
Sop = 30 +c(9+p)= 30 + E T) 
= 3 (150000) + (om 51) "gen 
` Sime acceleration is constant, we con 


Calculate the acceleration throughout The 
Pinball using velocities: 


Ne = Ua - 2 ۵5۵ © 
'Ug = Un - At © 
0.15 Se = 5a + Vat + tat? ۵ 


` Rearranging equation (D 4o solve for a 


= | 1 2 _ 2 1 d „iS ) = 
qs SN ve) 2 (0.843m) (60/9) (27 d ۱0۱۸5۹7۲ m/s? 


x Note, this accel 
is Negative as the 
ball is Slowing down 
a) Find the total acceleration of the ball ct t: 0085 

> Note that in nomal- tangential coordinates , acceleration contains A components ` Normal 2 Tangential 


a = at + a n @ AJ = instaneous velocity 
に | LÀ 了 = radius of curvature 


une ek 
っ Therefore we need to find the parameters U ond f ok 5 
> Replying equotions @ ,@ to fid velocity and location , respectively 
us Un - Ot =(3m/5) - ( Lowsw み Oo85) = 2 ۷5 
Origin 2 
Si = A + Vat + at” = (35s 0.085) - leen m/s) 0.085) = O. 236753 


うら, is looked within the first corve . 
> Finding tre location on the come 


る =rG =r+re, =r(1e) > 6,۶ ou _ | = 02367531 | 5» 


| 0.15 m 33.13 * 
Sust Zone The 90° conve 
> Applying ® 
2 2 
On = Ur = 2.4188 m/s 3 56.795 mist 
۳ (0.15m) 


ーー و‎ 
> To Find the total acceleration Ou we need to pot Om and Oc into the cartesian Coordinate 


> IN AH 
Os =(- Qt CoSO, ~ ET | + - Qt 5:06 + ٩5 e.) J 
E d (Lousame?) cos( 3343") - (56.705 oyst) sin (33 eh 个 
+ 4 - (Lose?) Sin (33.3") + (56.745 mA") Cos(33 Ol $ 


az -31.89 + 44.015 ۵ 


6۱ = -319 1 +۷۲05 mk 


b) Find the acceleration at + = 0.20 $ 
> Repeat the same procedure : 


U» = Ua - Ot, = (3m/s) - (1.014 sgr mf 0.208) = 2.7971 m/s 


A 
Sa = Ser Unta + Lat, = (3w(o2s) - + (1014597 nk | 025) = 0579۲ m 
35, e located within the 2nd curve 


- う ト 0.29392 rad 
5, = rr + r(T+e,) = O, > 220 -1 = 
> Applying 由 


Ç le 6۴ 


> _ (mat . 


E 52.158 ۰۳ 


= Œ cosOxr -ouesive: ) 个 + Lo, Sin 6, - One Cos 0, ) J 
= 1 (ykeme leese) - (101050706) sinfe eu) | 个 


+ f- (52.158 GA (lesw?) L (1.0 ۱۳۷5۹۴ m/s) cos(16.8+°) | T 


Or = 446287 - 16.081435 m/s 


Q2 = 49.6 - 16.15 m/s? 


MIE 100S - Winter 2022 
Tutorial 02 - Problem 02 


Engineering Mechanics: Dynamics, 9” Edition 
Question Title: Chapter 2, Reserve Problem 2/094 


For the pulley system shown, each of the cables at A and B is given a velocity of 2 m/s in 
the direction of the arrow. Determine the upward velocity v of the load m. 


Const 


1 7 4 | _ 
Hy ty A E = 
j T "EL 
` E ` 
۱ i = mE- = ェ ー ル 5 "Y or 
る ゴー = 4 


A baseball player releases a ball with an initial velocity وا‎ = 35 "vs 
i angle 35? with the horizontal line. If 1-0 


> of the ball from the player's hand, 
determine the rate of change of the speed, at 1=15. 

Le what is the tongntiol accel. ۵ 七: 1s 
Hint: the rate of change of speed occurs along the line 


of the path (at). Use geometry to find the direction 
along the path. 


` Neglecting air resistance , the only force Gding on the ball is oa 
: Apply projectile motion 


Uy = USING 
origin 
و‎ KH = K+ Ut bett Geh -Veke 


Ongi 
O Y= :Dé* wt do 3 042-9 - Oel oye 


ox =( EWEN Uy =(35 m/s EN 
一 LA LS 
G-—0 = laet + TV Goar? 


A+ = Oy Sine 


O = arto (22) 
Ux 


` Find the Cartesian Velocity of the ball of t= 4s 
Ux = E = f (ut) =Ux = Os@ = 35 cos(a5*) = 28.67 m/s 


oy = 4 = ج‎ (uyt o Lge) = Uy - gt = 35sin(35*) -(q81 4) = 10.265 m/s 


© =Qrcton [asns ) = ۴ 


> Ot = Aysine = 4.81 sin (143°) = 3.306 nys} * Ball is slowing down so 


Acel is Negative Since its opposing 
Qt = > 33| mja the direction of motion. 


MIE 100S - Winter 2022 
Tutorial 02 - Problem 04 


A point mass is located at (x, y) = (10, 5) m with respect to a given set of rectangular axes. 
Following is some information about its motion: 


x = 一 2 m/s, y= 2 m/s, X =-2 m/s’, VE=1 m/s? 
Find: 


(1) The speed of the particle. 

(11) The velocity of the particle, expressed in normal-tangential coordinates. 
(111) The tangential acceleration a. 

(iv) The radius of curvature of the particle's path, p. 

(v) Sketch the direction of Un. 


Quest on 4: 


DA +24 


sjeo ea" = Je = 2. 


Y 


823 my, 


(5 tangent to the path . So, V has no 


Component normal +o the Path. 


> 
d £3 


EI E 


141 j 


E 
lal = latas. p^ "is 


a= dea (+) 2266 


Ve Gud = gr -eit = 18-4" 


Solu t; un 
d de 
IV | 
(44) 
(444) 
ー テ 
la 


(av) 


(v) 


t 


| = fal cos (8-0) = V5 cos (18.4) e Lila mar 


la, [= IZ [$^ (8-2) = ۷5 Sin(18.4) = ۰۰۶۱ ™/5* 
2 
Ha ED 


An 


` GER 


0.7/ 


11,22 m 


MIE 100S - Winter 2022 
Tutorial 03- Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 3, Reserve Problem 3/016 (Multistep version available) 
A small package is deposited by the conveyor belt onto the 30° ramp at A with a velocity of 


0.8 m/s. Calculate the distance s on the level surface BC at which the package comes to rest. 
The coefficient of kinetic friction for the package and supporting surface from 4 to C is 0.30. 


Qu <a hia a) 1 ۳ 


A B 


2 =0 


パー ma ces (3o) =o N = 0,866 mg 
2۳ = Ma, 


X 


Mg Sia (30) 一 0.3 (0. 866mg ) = ma, 


Ay = 2.36 m/a 


2 2 2 2 
Vg = Va + 22 له‎ => v=o.8 +2(2:36)(2) 


۰ = 
(eran JA 
Ir 
BoC 
Lbuce -> Mem] id M 
ZE, = May? - 0۰30 = ma,’ 
_ 0.3 Uff) = May, ARE duas 
2 2 S ` 
24 = ーー Kr 
Cares, o = 3.17 - 2 )2,4#( 5 


MIE 100S - Winter 2022 
Tutorial 03 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 


Question Title: Chapter 3, Reserve Problem 3/021 (GO Tutorial version available) 


The system is released from rest in the configuration shown at time 7 = 0. Determine the time 7 
when the block of mass mi contacts the lower stop of the body of mass m2. Also, determine the 
corresponding distance s2 traveled by m2. Use the values mı = 0.5 kg, m» = 2 kg, usı = 0.10, un = 
0.08, us = 0.25, u = 0.20, and d= 0.4 m. 


Question 2: 
does not slip, 


Given Lets assume that ™ 
mM = 0.5 kg 5 mig 
ma 
m, = 2 Kg 5 EI 
„ = 0 ۳ 
A 201 Las 
だ Oo V = 
S Lu y = +m) وه‎ 
Keo SOEs 
だ = 0.2 2 E, ma, 
k2 
d = 0.4m M. pom — (m+ 7۸۱ 8 ۶۰۸ = (miim Ja, 
0,2 (2.5 (1.81) 125 _ 2.5(4.81) Sido” 22-54 
ay =- 1.512 m è 
Ò mg 
SE = me NL 
F-mg Sinag = ma, 
F N, = m$ co) g 
F- وه‎ (4,81)51420* = 0.5 (-1.512) 
F- ۰,۹22 N 
Eng H N, = O11 (0.5)(9.81)œ320" = 09,461 w 
F> Fa, => Felahve slippage PTS 
E MS 
JE, = a, mg 
Kä 
FaN mij si 4 = mua 


0.0% (0.5) (4,81) $ 20" = 0,5 4 LN "i "en 
l 


au = - 2.62 M 


TF. = M4, 


0.2 (2.5 )(4.8)) ce» 2o 


"ad 2.(4.&) (Sin 20) 


— 0.08 (0:5) (48!) c20 = 20, 


An=-11235 Pye 


a 


= の (一 の > 


an 


Sy É Ga 


9t. 


0,4 


= 30 
va N, =(m+ m. Jj œ 


opi ۱2۵ ( = 1.383 2 


2 
Cn), t +s | a vif 


63 
Dd = ero. t 


MIE 100 - Winter 2022 
Tutorial 03 - Problem 03 


A child 4 is swinging from a swing that is attached to a trolley that is free to move along a fixed 


rail. Letting L = 2.5 m, if at a given instant ap = 3.7 m/s?, 0 = 23°, 0 = 0.4574 and O = 


ー0.2 rad/s?, determine the magnitude of the acceleration of the child relative to the rail at that 
instant. 


O 


Question 3 MIE loo TUTOIOI -week 3 


A child A is swinging from a swing that is attached to a trolley that is free to move along a fixed 
rail. Letting L = 2.5 m, if at a given instant ag = 3.7 m/s?, 0 = 23°, 0 = 0.45rad__; and d= 


—0.2 rad/s?, determine the magnitude of the acceleration of the child relative to the rail at that 
instant. 


ma y 
* Wont to find ۸۵ 


一 ーー > っ = 
Qa = Oa t QasxTga 7 tO" CA 


as (f - rê”) e。 + (rë + 2:6 )es 
> From professor Sullivans notes 

* We have a combination of linear and 
angulac Kinematics ! 


۲ =L 5 j 6۶ 8 ; ول 33 مه‎ 
6 = 0.45 odk J 6 = -o っ ed ん ز‎ ビニ で - 
= ^ ^ ^ ^ 
Qa = 3.?cos(23%) ولا‎ + 3.4 Sn(239)U, = 3.4058 ولا‎ + LSF Lip 
Qa = One + Os 
Ons = (4 - cea. + (re + نو‎ | és 

< 1 - lp us ed Ve + 1GswCeae) | Ze 

^A N 
= -0.50625 lr - 0.5 He ۶ 
> Oa = ( -0.50625 Ur - 0.5 Qe ) + ( 3.4058 (le + #57 [ie ) 


= 2.9058 (la + 0.43945 Ûr 


[da] = / (29058) + (04394s$ = 3.054 m/st 
| aa |= 3.05 m/e 


MIE 100 - Winter 2022 
Tutorial 03 - Problem 04 


A 5 kg mass is placed on a rough inclined surface (0—15?) to slide (us= 0.45; ux = 0.4) subjected 


-> ^ 
to a non-constant force P = 5t i Newtons, where t is measured in seconds. 


How much time will it take for the mass to reach a speed of 10 m/s? 


A 5 kg mass is placed on a rough inclined surface (0—15^) to slide (us= 0.45; ur = 0.4) subjected 


EN ^ 
to a non-constant force P = 5t i Newtons, where t is measured in seconds. 


How much time will it take for the mass to reach a speed of 10 m/s? 


y N Process of Motion: 
ی[‎ 
1. The block starts from rest at 0 
ゃ 2. The block remos static ol t =t 
and e able や overcome the Static friction 
ES 3. The block oceletetes to lOm/s 
0 Qt t=t, d 
zm 
1. Does the block Statt from rest at t=0 a 
KD F, =O  N-mogCose=o .. N=macose 


2) Fx 20 


Fs + 下- MASING 20 ん smgCosG - mgSine 0 
= ml Mscose -sine ) = (5181) lessons) - sn0s9| = 8.625 20 


> If Fx 20, the block remains ot rest at t=0 
> If 072422" oc Ms > 0.2679, the block would move at t=0 
N 


2. Find the time required Jor the block to Start moving V 
B 
P be 
<(ص‎ ۳ 20 — -R*? -mgSine =O 之 -kmgcse+5t -mgStq9 =0 


ti = E | sese t sine | = 6.803015 
3. Find the time it takes to rech ۱۵ mis 


x?» Fa =M0x > -Hh + P -mgsino 


n 
3 
2 


~My macose - Mg Sin + Bt = mM dU 


| Cangase -masine +5t) dt = ra E "m 


t 
| Casse -mgsin® )t + $e lepra] 


ti 


b Q 
ا اا ا‎ eee ay 3 
O El 0.4 (5fa.gi)cos (is?) +(5J4.8) si ale ول‎ e] 
- | 1ow9eeyxete)rReDsnte7Neea) + $ [sao] | -5(0) = o 


Q b z し 
24" - 31.640 + 49.5892 = O | solve San 


۱2۱08۵ ABBE 2B E tee | 
چا‎ HEST, T 


MIE100S - Winter 2022 
Tutorial 04 - Problem 01 
A 54 kg pilot flies a jet trainer in a half vertical loop of 1200 m radius. Knowing that 


the normal force at C exerted on the pilot by the seat is 350 N, find the velocity of 
the jet trainer at C. 


C 


/ 
/ 


۱ B 
` 1200 m 1 
a 


A 


Tutorial 04 - Problem 01 
A 54 kg pilot flies a jet trainer in a half vertical loop of 1200 m radius. Knowing that 
the normal force at C exerted on the pilot by the seat is 350 N, find the velocity of 


the jet trainer at C. 
C 
C 
A M= 55 ke 
vi 1 ۲ 2۱2-00 m 
/ ` 
/ ۱ 
N= 350 N 
| 
| B " 
A r= E Assume 4) = Constant 0 de 
EA ay 
A 


0 Since U = constant 


[ke 
HE 


QAI N+m9 - = A + و‎ 


UN )رل‎ 3) i tg) = (aoo ES + asima ) 
= (349.8205 ۵ 


A) = 139.8 m/s 


_ (mast > L 
| an = [nom | T 16.29 m/ = 1.66 ٩ of force 


MIE 100S — Winter 2022 
Tutorial 04 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 3, Reserve Problem 3/035 


At the instant under consideration, the cable attached to the cart of mass mi is tangent to the 
circular path of the cart. If the upward speed of the cylinder of mass m2 is v» = 1.2 m/s, determine 
the magnitude of the acceleration of mi and the tension 7 in the cable. What would be the 
maximum speed of m2 for which m remains in contact with the surface? Use the values R = 1.75 
m, mı = 0.4 kg, m» = 0.6 kg, and 6 = 30° 


i TE S; 
FBD。 、n ai 25+ ۱ = Const, 


pe 2 لاد‎ =o 
N 
KW 2a ra, =o 
| mà 
۱ Ha? 
IR SN ج‎ ng Sin 8 ー T =m ۱ = 0.4 (4.30) $/»3o— = 0-4 A 
for mass 2: SF =m — 27 = ma, + csi) de o.6(-14) 
Critical maximum speed ter mass mz : e 


l ۱ 2 
FBD : LE = Man M q cosp = A (Vi mex) 
R 


۱ 
= (9 R ces) Gef (43095) 23) ^ 


^| 
max, 
Man 936 94 [Magee 1.928 74 


Tutorial 04 - Problem 03 


Engineering Mechanics: Dynamics, 9" Edition 


Each tire on the 1350-kg car can support a maximum friction force parallel to the road surface 
of 2500 N. This force limit is nearly constant over all possible rectilinear and curvilinear car 
motions and is attainable only if the car does not skid. Under this maximum braking, determine 
the total stopping distance s if the brakes are first applied at point 4 when the car speed is 25 m/s 
and if the car follows the centerline of the road. 


10m 


Each tire on the 1350-kg car can support a maximum friction force parallel to the road surface 
of 2500 N. This force limit is nearly constant over all possible rectilinear and curvilinear car 
motions and is attainable only if the car does not skid. Under this maximum braking, determine 
the total stopping distance s if the brakes are first applied at point 4 when the car speed is 25 m/s 
and if the car follows the centerline of the road. 


M = 1350 kg 
D = 2500 N per trel 
U= 25 5 

f = 80 m 


` First find the velocity of the vehicle ot B 
+S 
EH ーー Fr = Fr E Mx 
N 


GIF sme =4 2 0746 = 
Ox = 7.۷07 ۳ 
Us = Un - 205 = (26m/s) - 2 (7.407 m/s) lom) 
وله‎ = (250/5) - 2 (7.407 m/e om) = 21.8369 m/s 


i Beyond point B in the curve. 


Freak, Vi F 
— I y i Y Coc will Stay 0 the owe 
با‎ dey ` if Mis is Satisfied 
\ 
し = J _ 4f _ 4(25ooN) _ a 
d Z Frer = NNO uL L Ores = M ^ (1350 6) 7.۷0۳ ws 


Ones d On? + Qe” = | X A ین‎ 3404: DM 多 = flv) 
ads=vdu う Hoi Y ds = udu 

é o o 

[ds =s-10 = | u Bı Y .[ Bee 

lo Op - One, * - Z f all ae- 04 


O 


da = 2Udu 


ewe o 
ei X= U Qus = Bau: dx 


` Note : z arcsin(x) = 


Vt =x 
ei ër ۱ X=0 ۱ | ۱ Kl 
> RHS = Le = 212 ] arcsin| y 
dy = ei ` KU Tm TT cu 


=+} forsin A. اه‎ = 
S =X d glo i^(o) - arcsin( ge)! +10 


* Since Joresin (a)] 4 1 , the negative sign is used | 
_ LoN[ rein [ 21.8369* 1 X Remember tp 

2 (80) arcsin EES TiO T d use 
I1. 40595 m 


MIE100 - Winter 2022 
Tutorial 04 - Problem 04 


The 5 kg block starts at rest on the incline in a system as shown below. A 
nonconstant force, F, 1s applied to the block. The contact surface between the block 
and incline 1s smooth, and the attached spring-mass system 1s in equilibrium before 


the force is applied. Determine the block’s speed when s = 0.5 m. 


F = 50s + 100 


m= 5 kg 


k = 100 N/m 


Solution ( 
Spring — Mass system IS Ce egui brio before tle fre d appli el ; 


les — má sin 30 => leo g — 5 (9.81) (4 )=0 


: WS, A Ee 
K$ ze, 245 の 


m 
2 T +Ve, + ۷9۱ + wë = Ta + Ves. + N32. 
< = 9 ۴ بت‎ Sue 
Ti=> , a LES 2 eer, す ۱ - 
2 0,5 ~o $ _ 
Vq =? Cf? = ( F ds = (5osr(es) As = 7 = y loe 5 =56.25 ] 
( Ó o 
; 2 50%) (oS) d =12.26 
Vga = mj Ah = mg (SS) ٩۰ = SCHEI S ud 了 
L ۱ Loo 2 
Ta Am Ve = + )5 (۱۷۰ = 2.5 Y 
Ve, =4 ks? = lk(ot-eo. ar) = 3.257 d 


下 = وا‎ + Ve, -Vez Ng = e 1 


Y, 43.74 " 
245 


MIE 100S - Winter 2022 
Tutorial 05 - Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 3, Reserve Problem 3/060 


The 10-kg collar slides on the smooth vertical rod and has a velocity vi = 2 m/s in position A 
where each spring is stretched 0.10 m. Calculate the velocity v2 of the collar as it passes point ۰ 


k^ 0.40 m 0.40 m Gi 
= 800 Nim k = 800 N\m 
A " 


Solution 


initial length of the sprigs = 0.3 m Ç 
一 0,5 -0.3 = 0, Z m 


fend / th of The SPria $f = ‘S m 
= ye د‎ Final streteh 


DT + OV + BV. =o 
4 と 2 2 
> Uo) (v, — 2 ) + C!e)(9.81) (0.3) +É (860) (0.2 o.) =o 


Bu 2 ی‎ + 23.43 — 24 


L 2 
wu = 5.086 (Y) > mw 7 


Tutorial 05 - Problem 02 


The collar has a mass of 2 kg and is attached to the light spring, which has a stiffness of 30 N/m 
and an unstretched length of 1.5 m. The collar is released from rest at A and slides up the smooth 
rod under the action of the constant 50 N force. 


a) What is the potential energy of the spring at time t=0? 
b) Find the velocity of the collar as it passes position B. 


c) Draw a free body diagram of the collar when it is in position B. Indicate the direction (as 
they act on the mass) of all forces in the plane of motion. It is not necessary to calculate 
their magnitudes. 


g=9.81 m/s? 
۷ 


Tutorial 05- Promien 02 


The collar] nas a ma 


rod carer TE action ru thé onstant 50 


a) What is the potential energy of the spring at time t=0? 
b) Find the velocity of the collar as it passes position B. 


C) Draw a free body diagram of the collar when it is in position B. Indicate the direction (as 
they act on the mass) of all forces in the plane of motion. It is not necessary to calculate 


their magnitudes. 

ll j m= 2kg 

Tb Kx = 30 Nm 
£O Soz LS 
1.5m N 7X2 5m 
50 UN Ki g=9.81 m/s? Fap n 50 (- Sin(30) T 1 کی‎ (30)] ) 

A K=30 N/m Uu i 

1. ee Fl = kas 


Vs = yk (as) 


—— 


Q) Potential Energy of も =O 
@t=o 522m ر‎ AS=(S-S。) = 0.5m 
V, * ike = 4(aofosm) = 3.353 
b) Velocity ده‎ point B 
Ta + Va + (LZUm) = Te Vs 
Ta 2 im 20 っ 
(Elo). = Fcee の (w-%) 


Ta = e MVA” 


Ve = mohe + Kr (as) ASe = (us) + 7 


H 


1 m 


1k (مکم)‎ + Fecal) = Kan + mga + KAS) 
で | K(aSa) + っ FcosO(W-W) -amqge - klass) | r 


Ec HEN grin) - 2(5) - (30 $m) | = Ve 


L 


Us = 24.271905 mfr Die ] 


C) Free Body Diagram 
F=50N 


Nei ++ B= 0 


Ex) 73308 


つや > Fx 20 
۱۲ Fs Sin(B)+N -Fsin6 0 
N= Fein -Fs Sing Pi 
= 0 e (308) 1.m)sin(53.3) 
= 0 (86) - (ao 25: n.) 
= 1N 
^. Normal fore is to + X direction (=) 
osSumption was correct | 


MIE 100S — Winter 2022 
Tutorial 05 - Problem 03 


Engineering Mechanics: Dynamics, 9" Edition 

Question Title: Chapter 3, Reserve Problem 3/076 

The system is released from rest with the spring initially stretched 25 mm. Calculate the 
velocity v of the 60-kg cart after it has moved 100 mm down the incline. Also determine the 


maximum distance d traveled by the cart before it stops momentarily. Neglect the mass and 
friction of the pulleys and wheels. 


k = 300 N/m 


Solution 
EA 2 + V. 
1 z _ ï 2 72 
ミン た ます の すそ 


2 ے2‎ . 
Í (300) (0,025) * = (60) V, +2 (300) [ 0.025 + 3(0.1)] — 60 (480) (0.181426 ) 


۴ 
> 


V, 20.382. m 


2 と > 
o + 1 (300) (0.025) qe D = ô + (300) [01025 + 3d) —60(1.3)) ( d S っ 2o ) 


MIE 100S - Winter 2022 
Tutorial 06 - Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 3, Reserve Problem 3/094 


The slider of mass m = 0.4 kg moves along the smooth support surface with velocity vi = 5 m/s 
when in the position shown. After negotiating the curved portion, it moves onto the inclined face 
of an initially stationary block of mass m2 = 2 kg. The coefficient of kinetic friction between the 
slider and the block is ux = 0.30. Determine the velocity v' of the system after the slider has 
come to rest relative to the block. Neglect friction at the small wheels, and neglect any effects 
associated with the transition. 


The slider of mass mi = 0.4 kg moves along the smooth support surface with velocity vı = 5 m/s 
when in the position shown. After negotiating the curved portion, it moves onto the inclined face 
of an initially stationary block of mass m» = 2 kg. The coefficient of kinetic friction between the 
slider and the block is ux = 0.30. Determine the velocity v' of the system after the slider has 


come to rest relative to the block. Neglect friction at the small wheels, and neglect any effects 
associated witK the transition. 


M=04kg j; A= ۵ 


1) Speed of the slider os it moves onto the block 
Ne = Un” ` 29h 


Ve = (54) ۱ 2 (4810/4 Ve sen) 
= 3.8974 mk 


2) Applying Conservation of Linear Momentom 


me, | Y rat y mie, * Note: Consider the slider and bloch as 


one partide, the Friction Jone acting 
= = Yim by each other is equal and opposite . That is 
=> た (m), 2 ( U) L the linear impulse of friction on the slider 


is negative oF the lineac impulse on the blo 
> Anplying in the A- direcion Thus the net change of momentum is 
Zero and Conservation can be applied 
E MU = (m t) th 


(oi)3eq oye) cos(a) = (2k + 0-4k3) Ur 
A), = 0.610 398 m/s 


Uz = 0.610 m/s 


MIE 100S - Winter 2022 
Tutorial 06 - Problem 02 


A hollow crate of mass 50 kg is mounted on frictionless wheels that ride on the ground. Inside the crate 
is a box of mass 20 kg mounted on frictionless wheels. At time t = 0, the system is released from rest, 
with the spring having an initial length of 0.4 meters. The spring constant is k = 30 N/m, and the spring 
has a relaxed length of 2.5 meters. 


(a) What is the initial potential energy of the spring? 
(b) What will be the initial acceleration of the box? 
(c) What will be the speed of the crate when the spring reaches a length of 1.5 meters? 


SOLUTION 


a) V = 1 2 1 
e okis)” = L (30)(2.5-04) = 66.15 J 
b) Equaho y 
n of hoa 
4 Mato LE, = Ma, 
ト =m ai 
Fs = ۴ (bx) KCox) =m 4, 
AL = ۴ ۵ = 30 (2.$- 9.4) = 3.15 "én 
m, 27.6 
C) اک‎ 
V Vb 
ES = دا"‎ V, 
2 


£ 
a V. + k (ax, ) 


x 
(o+o ) + 1 ۴ (ox) = dmv, + Z M Ve + 


2 
と - 2 ۱ 1 A. BE? 
(3e)(2.$- 0.4) = 4 (20) V. +> (50)N_ + + ( 30)(2.S_1.S) 
2 一 % 
2V, + 5۷ = (0.23 (1) 
ConServation of Linear momentum 


À mv, = Ym, vV, 


20V, - 50V. =o (2) 


Cl) X (2) 一 V. = 0,76 my. 


MIE 100S - Winter 2022 
Tutorial 06 - Problem 03 


Engineering Mechanics: Dynamics, 9" Edition 


Question Title: Chapter 3, Reserve Problem 3/102 (GO Tutorial version available) 


A particle of mass m moves on the inside surface of a smooth conical shell and is given an 
initial velocity vo tangent to the horizontal rim of the surface at A. As the particle slides past 
point B, a distance z below A, its velocity v makes an angle 0 with the horizontal tangent to the 
surface through B. Determine the angle 0 and the speed v. 


A particle of mass m moves on the inside surface of a smooth conical shell and is given an 
initial velocity vo tangent to the horizontal rim of the surface at A. As the particle slides past 
point B, a distance z below A, its velocity v makes an angle 0 with the horizontal tangent to the 
surface through B. Determine the angle 0 and the speed v. 


Conservation of Angular Momentum 


ーー (t), = (to), 


h Ho = È x WV 


“Applying  conseruation of angular momentum 


9۳:۲۰ = WU osen O 


(o 


aL W = 2 Ce = T2 (h -2) = fo - tex 


mt = MWD, Cose (ry- 2 | 
` Find Ui through conservation of energy 
Ta + Va = Ta + Va 
GM = ous” - ۶ 
As = | ولا‎ + 292 Q) 
‘Substituting © into @ ond finding 9 
Noro = AU -2g2 ce ( ro - Sè) 


سل ال | L‏ حم 
due -292 ` oo - FÈ‏ 


h 
h 


o= aros | یم‎ ] 


MIE 100S — Winter 2022 
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The mechanism shown rotates about the vertical axis with an initial angular velocity of +2s”. 
Initially, the two masses are in a horizontal plane, as shown by the solid lines. A hinging system 
internal to the mechanism then lowers the two masses to 30° from the horizontal plane, as 
shown in the diagram by the dashed lines. The masses are each 600 grams and the original 
distance of each mass from the rotating axis is 200 mm. 


a) If the mechanism is freely spinning (i.e., there is no friction), what is the angular velocity of 
the mechanism after the masses are lowered? 


b) A motor on the shaft is then turned on for 3 seconds and returns the rotational speed of the 
shaft to +2s!. The masses stay in the dashed configuration. What is the average moment 


supplied by the motor? 


c) How much work is done by the motor? 


Solution 


(a) 


position | Position 2 


Conservation of angular momentum about 


axis of rotation : 


X Ha; = C Aoz 


(majd «(m )4 = (mz) d cesf + (mv,)d ces? 
Vi = a 8, ん ولا‎ = dcosh ô, 
2۷ = 2 V; Cos ۶ 


P A 


[e] 63-4, 225 


Position う (t=t2) Position 3 (t=t3) 
tz =t,+0t (bt =35) 


Impulse and angular mementum abot axis of rotationt 


t 
ووا‎ = Í Mct)dt = Z و‎ 
も 


2 i ti 2. 2. ۰ 
Sud caf da — f Molt)dt = 2md cas P ۵ 
tz 


! 


ts 2 2 . ۰ 
| Mo(t)dt = 2md œ; f (4, -43) 
も 
も 。 
f ^, (t) dt = 2 (0-6) (0.2) Co) (36) (2.67-2) 
ta 


t 
| * m. (+) dt = 0.024 
ta 


Average moment between tz and f3 


も 
| Mo (t)dt = Mis DE) 


€ 
| 5 4 
ep — | Mott) dt 
(5t) + 
Mo cary) = RUM = 0.00804 Nim 4) 


CC) Conservation of energy between (2) ond (3) : 


2-3 
e = 2 2 
| \ = Ï m V. ! mv. 
l mv; de a mY = Lm 
2 - c. ™ +U, EA, F> 3 
+. 1 
U = m (Vv, - ۷. ) 
Sa 


ZC = MM [ee = (desf 6.) | 


U, ¿= m d any (8, - 2 ) 


て 2 
U, = (ob) (0.2) e G8) (02 - C260 ] 


U,, = - ۵۰۵563 ¢ 


MIE 100S - Winter 2022 
Tutorial 07 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 5, Reserve Problem 5/038 


Motion of the rectangular plate P is controlled by the two links which cross without 
touching. For the instant represented where the links are perpendicular to each other, the 
plate has a counterclockwise angular velocity wp = 2.0 rad/s. Determine the corresponding 
angular velocities of the two links. The angular velocities are positive if counterclockwise, 
negative if clockwise. 


OR = fah = * 0,6) m 
۵0 = Fits = +0.51 m 


^ د‎ 
Wp = + 2 Ok rod /s = Y 


一 د‎ 
` Find Wao ond Wao 
Br =-037 eoa] ۵ 
1. Relating the Velocity at the pin location to the ground location 
=> => => > 
Un = Mi, + Leo ۷۵ ER 
一 一 EN EY 
Va" Mo + We Tan O 
2. Relating the Nelociky of Â and A togethec 
一 一 > 一 
Un = Us * Waa * Fala 0 


一 > 一 > = 一 > کے‎ 

Uno * Talo = Wan ۲۵/۵ + Wag ۵ 

Wao F x (oj) - (aok x (o51) + (2.0k) x (oa touf) 
-O.6Wap T = +05Wa ] + Laut ー 0.87) 


- 0.6 وونبا‎ = -0.8 Wao = - 


MIE 100S — Winter 2022 
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At the instant shown in the figure, point B of the T-shaped bar has a velocity of 1 2۳۲/5 and an 


acceleration of 2 ۰ 


a) Determine the velocity of point D in x-y coordinates. 


b) Determine the angular velocity of the T-shaped bar. 


Length AC=CB=CD=1m 


Solution 


(a) ps 
‘Dip 
= Ce 2s 
Ww = wk t. f 
Ce > > ke 
v = Vo 4 + wk x Tor d js. 
V r = ES 
V = (V. = u— Z (1) 
( b) relative motion between A 1 B 
y 
۷ Va + の x r P ž 
, => " 
Yayo = (07 52)« + (V2-o)3 Jm 
e =-V2 4 + \2 y 
M MS 
ASA) 


— 
A 


+ wkx lara + ر2‎ ) 


m za - 943)  - E w à 


— n 
(Va — Jo. の )< + (Va oe) ーー 
لا ول - ولا‎ =o 
トー Yz の =o -一 > wet d SS 
A e 
Vp = (Va BOSSES E 
> 
Vp so ۸ 


MIE 100S — Winter 2022 
Tutorial 08 - Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 5, Reserve Problem 5/058 


By the method of this article, determine the angular velocity waz of link AB and the velocity vg 
of collar B for the instant represented. Assume the quantities wo and r to be known. 


‘Determine Wa and Us 5 : 
۳ dx lol acd olued Using IC 


Isolating member AB 
“Sine A is comected to the Slywheel, its 
veloaty Va is tongent to the surface. 
pue el ee of Ve is constrained by 
fod. 


180 = Pre + us? 


B= 180 - 5° - 30 = 1057 


Applying the equations of relative motion 
p > 
Ua = wx|Fajxe | ر‎ Va = Wx Masse) , Ua = Cie 
` Applying the Sine law 
Sind - siny _ Sine 


aC BIC ATC 
i عو‎ Gn iid e lae"), = )16 - 2 c 21035280 
= an Salis = 3c sins), =-2+2[3 = مرا‎ C 
> Waa = (om 5 RÈT "(REY = eRT HTO Sodu 


òD Va = Wag Dos, = Waa BIC = (E (-2426)c = 32 CW 


e o 
= 1.414 Cw, p^ e 0 


= 0.46600; CCW 


Solved using method of relative velocity 


Va = Wo x Caro 
Va =-Wek x ( cos (us) T+ sin (uso) ) C 
= (wo + Emo T)N 


sp me (Hve ie. Cow 
Us = Va + Wax Fea Y 
Us = (Eno ع( وغل‎ ï Uae K X (ac 1) 


个 八 
(Fuort = B wor ) + awaa 个 
i Assume Us positive 


T: ورن 2 = »ول‎ r = Ugsin(30) 


fi V او(‎ 7 - B wo + 2cWag = Us cos(3 d) 
J2 i A Si ` ` AN 
ne. = _ [udc ince ths is positive 
Up are 2 the assumption of positive "Us is correc 


-B war + 2C Wag = Do E 


-J>wortCoee = [6 Wor 
kC (Jee = (6 Wot + Jr wor 
- SEI * Since ths is positive 
Wag = (x5) Wo the ossumption of CCW is conect 


Ye = Ja Wo C 


WAN = (LES Wo 


MIE 100S — Winter 2022 
Tutorial 08 - Problem 02 


The centre C of the smaller wheel has a velocity "v. = 0.4 m/s in the direction shown. The cord which 
connects the two wheels is securely wrapped around the respective peripheries and does not slip. 


Calculate the velocity of point D when in the position shown. Also compute the change Ax which 
occurs per second if ^v. is constant. 


\ E Fe 0.546 m/s 


S = ao WM = Or = Œ b: 
x ー ‘C/o = L O 7 


N / Eu 7 d BES E 


ee 


MIE 100S - Winter 2022 
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In the mechanism shown, the initial velocity of point D is 1 m/s i, and the initial angular 
acceleration acp of bar CD is ~5 rad/s^2, 


a. What is the initial velocity of point B, expressed in x-y coordinates? 
b. What is the acceleration of point D? Express your answer in normal-tangential coordinates. 
c. What is the initial velocity of point A, expressed in Cartesian coordinates? 


d. What is the initial angular velocity wag of bar AB? 


, 5 


` The initial velocity a+ D is Uo = 11 ab 
` We. initial angular cceMecton of bar CD is 


Ow = -5k rad/s 


A) Initial velodty ot B , Cortesian Cord. 
b) Acelerotion at point D, Norval - tangential coord. 


hs 


LITA? a 


F == 
一 ts BE? 
9 ins ocra = AT 
^d a ^ ^\ こ ^  * feos lone direction 
t = = prion oN 
° T 2 1 (0.185) 0.18 Woe | Wong , Whe rotating CW 
| Lone = ESCH = 5.55 Cad/4 


= A 


C) Thitiol velocity at D ر‎ cartesian 
d) Initial angular velocity Was of bsc AR 


6F 


Us = Ke + Week Ca = -555k X (027) = 6 
D O = AC Goe nfi hPa 
Or On 
= (-5K)x (067) - (-555) (0.187) 
(+ 093 - 5.5 t) m/s? 


= -09] m/s = 09 Üe m/e 


-5.SS1 m/st= 5.55 Uu mr 


٩ Q. = Dot (ao مه‎ =(unwk)*( 0.097) = cotto 
Va = Us * Dag T = 0.661 + (weak) x (0.167 - 0.) 
= 067 + (Olbwsa] + Oto) 


T. = 
| O = O46 + 0.12 Wa = 
á 5 [on o | fiw -0.6 
J : Owa = ۵.۱6 Wag 0.16 "DON [Wao 0 
Was 7-55 =. Wao 711.1 


2 


Wag = - 5.55 K rad/s 


Va = 0.08(-111)f = -0.88f m/s 
Va = - 0.89 Û > 


O 
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Given point C is moving to the right at v; = 0.5 m/s and linkage BD has an angular acceleration of 


app = 0.5 rad/s^2, in the direction shown, find the magnitude of acceleration of point B at the 


given instant. 


35 lution 


link BC + 
`> ME: ae 
= Y 
B ud By 
Y Ku — —— 
Go qe m e 
Vile = “gel ke 
bc == HET gen 
bc > 4 一 = 3 
= ج‎ Se 
"T — —> — ke d 
ic Be - ーー x (24 E) --Be fa Bes A 
B A 2c 
Wes us ade y UT 
RB 一 Wal Sino 4 + ly | CES | T Fi 
Gi Sense A = Je x | 
> > と Y ^ اا‎ el J 
M =. E Ze 


— 


و 


e = Cos Yao ( Sin 3o + (dèu Pap) Ces 3e ， 


J 

(Fi le = 0,29 4 40.42) 

= rA ی‎ 一 二 EN 
GT ^ = -(“,, Ve ) Caj 6 4 p G Es $,420 ) 

= 一 一 

CC ) ニーo.I2 ۸ + eof ر‎ 

— -> > 一 了 ۱ 

Se => a = ar), + eer 

a, = (0.25 一 0.12 ) A + ( 0.434 0.07 E 

m 一 wath 

A 


る と の すり‏ 0:13 دی 


p z 1. 
la, | = d 0.13 4+ 5 = 0,92 p A 


MIE 100S — Winter 2022 

Tutorial 09 - Problem 02 
Question Title: Chapter 6, Reserve Problem 6/029 
Each of the two uniform slender bars OA and BC has a mass of 8 kg. The bars are welded at 4 to 
form a T-shaped member and are rotating freely about a horizontal axis through O. If the bars 


have an angular velocity of 4 rad/s as OA passes the horizontal position shown, calculate the total 
force R supported by the bearing at O. 


0.25 m 


0.25 m 


Noa = 8kg 
0.25 m Mec = 8kg 
Weor = ۷ K ۸6 


0.25 m ‘Calculate he force eyecked oN Me bearing 
Qt 0 


` Apply Aere and moment balance about "o 
` Noting that this is rotation about a Jixed axis Thus we 
Con apply he Following : 


| GER? F = MO = mar 
> Fy = mau =-Mrw> 
SY Mel ba o leu = Zaff | Dew 74 mb 


Tel = Lewe + (Luc ` n) 
3 $ no se) + は mesy + mlosny | F E (ele zf 


2 A =-Mig (02sm) - M;g(05m) = Fesa の 


* Assumed 

- LY o. " ۲ direction is 

Q = eg 0.2Sm q 81m/sko.S n =-2037 4 mdjg- i = 
HELIOA >> rl ait 


TER = 2mg + Re = Moa Aat Die OU aa MA (0.25 + 0.5 
Rr = 2lëbla ge) - (85) 20.77 eglo 4S m) = 323153 N 


之 Fi = ۳۹ = >" Moa fa W = Mec (ic L 


gud so 25m) rod) + (els Ko. sem) 4 rod) Rn, 


À Re 
Su * Pessumed wrong A 
46 N direction is along, +% x 


IR | = | + 32 = 101.243 N 
6 = arctan ($2) = 3434" 


R = (0.203 (- Cos (+1.39%) 1 + sin(7.399)) ) N 


MIE 100S - Winter 2022 
Tutorial 09 - Problem 03 
Question Title: Chapter 6, Reserve Problem 6/039 


The uniform steel Lbeam has a mass of 300 kg and is supported in the vertical plane as shown. 
Determine the maximum angular velocity w reached by the beam as it rotates in the vertical plane 
about the bearing at O. Also determine the corresponding force R supported by the pin at O for this 
condition. The mass of the bracket on the left end is small and may be neglected. Also treat the beam as 
a uniform slender bar. 


Ss laten 


5 Á 2 a 
ん 
To = iÍ (300)(4) + Foo (oq) > 1343 ky m> 
r= هد‎ = 2419 m 
wl e 4 
Fria 9:3. = 242 
2 
2M, = Ioa 
306(4.31) 
Boc (ABI) ces(O+B)x2:19 = (843K 


ces(0+B) = oF BEF =Ê ۸ 
2.19 (carg TT (300 1 9.81) = 1843 A 
(208 = 059 $48 ) ( 300 x 1,81) = 16430 


a = ($37 ( 2 ces ۵ - 04 $108) 
Lu 


í udis m f ado 


Ô 


2 2 
e = 1.543 | (2co5-o5 sg)de 
> ۵ 


ag (1- co の ) )‏ .2556( 3.1 ده 


= 2.03 ra 


máx v 


al (w?) 
一 Ze A e | > os وم و‎ Sin a) = 0 
کے‎ 2carfÂ_ 8495140 - o 一 > [9= 65.47) 
— aes (P => ge 


—— 


MÀ QM à: 


ュー 3209 (4.81)</5(24.248654 ) = 3oo (2 (q) 4.13 


len = 5669 N |‏ و 


"d a هت‎ 
t É ER A 
Zoo CA.81) دی‎ (24,2 + 65.2 ) em Ep + 300 Co) 
a 
d-o for CO = wW بر‎ 4 X 
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Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 6, Reserve Problem 6/061 (GO Tutorial version available) 


The truck carries a 1500-mm-diameter spool of cable with a mass of 0.75 kg per meter of length. 
There are 150 turns on the full spool. The empty spool has a mass of 140 kg with radius of 
gyration of 530 mm. The truck alone has a mass of 2030 kg with mass center at G. If the truck 
starts from rest with an initial acceleration of 0.2g, determine (a) the tension 7 in the cable where 
it attaches to the wall and (5) the normal reaction under each pair of wheels. Neglect the 
rotational inertia of the truck wheels. 


Dimensions in millimeters 


The truck carries a 1500-mm-diameter spool of cable with a mass of 0.75 kg per meter of length. 
There are 150 turns on the full spool. The empty spool has a mass of 140 kg with radius of 
gyration of 530 mm. The truck alone has a mass of 2030 kg with mass center at G. If the truck 
starts from rest with an initial acceleration of 0.2g, determine (a) the tension 7 in the cable where 
it attaches to the wall and (b) the normal reaction under each pair of wheels. Neglect the 
rotational inertia of the truck wheels. 


=Â 1800 j 1800 اب‎ 
Dimensions in millimeters 
o) FSD/MAD of the Spool 
۲ BD _ 人 AARD_ ` Since the spod is rotating wrt o Ted wis 


War wos a = を (ro) = ra 
a= =- (o. (4.8 Ins”) 


C (isms) | T tees 


92 As = 和 1。 ひ = T(2) 9 ۲2 2۵ 
To =(w wee (m C? ë (INTE m) + (5 T Lo) 150 tm GI Sei 
= 337.53 kgm? 
T= EE و‎ 2.616 vedi = 1144.3) N 
Prix =mOx = Ox -T > 
Ox = MO + T =| wo t Usnjsoloa (o2 981) + ۱33.3۱۱ = 2492.13N 
٩2۳, = O = Oy- mg > Oy= | Wo + (issus oss) (sg) = 6574.11 N 


T= 118 kN 


b) FRO /MAD of the entire vende 
۱ 


* Reaction Sores Oy and Ox are 
equal A oppogite onthe tudk Us the 
spol | 


( 5 مدا‎ = Z (mod) 
N= (36) - mg(1-8) - oy (075) FOx( 1.65 +5) z-mo(Los) 
NF = ax (ه((۹۵دم(هومح|‎ - (24a2.13) 2.4) + (estos) + (2020448) | 
= 8503.67 N 
2۲۱۶ 0 
Nat Ne - 09 -Oy = O 
Ne= Mgt Oy -Ne = (2030)(9.81) + (653411) - ۴ 
= |7984.74 


Ne = 2.50 KN 
Ne= 14.98 KN 
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Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 6, Reserve Problem 6/060 


The 25-mm-thick uniform steel plate is being pulled very slowly into position by the cable 
connected to a winch. If the cable breaks at the instant represented, determine the mangitude of 
the force under each roller and the vector acceleration ac of the center of mass. Neglect friction 
and the mass of the rollers, and consider the rollers small. Evaluate your results for a = 3 m, b = 
6 m, and r = 6 m. (Note: Arc BC is of radius r, the same as arc BD.) 


Solution 


b sin P = Y ( l-cos 0 ( 
۵ = To P= 2.70. 


Kinetics 
し, = ma Na Sid - ma 
Gu Gx 

qom. N + N, ces G =m < C2) i 
àM = L ۵ N )- bes 2 sin P) + Ng ) Bees (9-9). asaca- T) 3 
e X an Cur a (3) 1 
(2- < 
Kinematics : e (relate - cce (er みか on equa tet) i 


2 
=a al Poe 
a, =a + AX Ie), Â B/A 


r & ss b F a 6 Ri 一 * 
6/4- (- z Sin + テ Cos ela — (2 mi fl Sra f)j = 2.774-1.835 m ' 


Ary ^ + مره ۳ دوع‎ + AK x (2374 -1.86 و‎ ) 
4 a, =a, + 188 A (4) 
]بر‎ 2e』 = 2774 ( 5) 


~ 


hy = (<i BE Sé e EZ. Ve 
a, (C184 - $84) E る で + Ak x (5.954 - 0,804 y) 


GU, Sin Q = 5.45 A (7)‏ مس 


a: | wp coro =a, 4 0, Bofa (6) 
B 


Solutions = Egs. J do 7 


A = 15.93 EN Naz 18.33 kw 


0 ニー の . つ さ 2 VE (Cw) 
oy = ー O.F 82 nk V 


nae bo = 
d - 2.60 4 -0.782 ) 


Ge: = 3.13 éi 


A 


SS 3,26 cu 
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A uniform disk with mass 24 X8 and radius 0.3 m is initially at rest. It is then acted upon by 
a constant 100 N force as shown and rolls without slipping. 


Determine: 
(a) The velocity of its centre of mass, G, after it has moved 1.8 m 


(b) The friction force required to prevent slipping 


P =100 N 


m= ۵ 
۲ 2 m 
P= IOoN 
` Rolling without slip 


` Applying conservation of energy 


BD 
Gz A Um) "TR و ۶ و ز‎ Tre tat 
= Us = ی‎ ۰ > We = Us 


Fs Ta Tre (Yo ) = (ua) lols 

Tic > me + mr? 

2 مه > 
1 


heh 
= an 
z) 


= [lo œ 3.162 mé 


HCH acl = EN OE‏ ود 
Ww‏ 


UJ = Vo = = 10.5 Y ros 
* The direction of friction 
ゃ > ト Fx = MA 
p- Es = f^ (Qa), 
۷1 Ue AE 


Vo -U = 2(0)[ax) > Ag = Ss 
gs P= (Qe), = (100) - (a) [SE] =33.3 N 


MIE 100S - Winter 2022 
Tutorial 11 - Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 6, Reserve Problem 6/067 


The uniform slender bar of mass m pivots freely about a horizontal axis through O. If the bar is 
released from rest in the horizontal position shown where the spring is unstretched, it is 
observed to rotate a maximum of 30? clockwise. The spring constant k is 200 N/m and the 
distance b is 200 mm. Determine (a) the mass m of the bar and (b) the magnitude of the angular 
velocity of the bar when the angular displacement is 15? clockwise from the release position. 


Solution ` AA ۳ 2 AM 


AM - (3% Sia の 
= (=) 2۰ 2 c 
Co ) M 4 と " A bi 


(Zb an 
AA - デ si 2 a WA. og 
À J 0 ——À 
CA =C A = $ Pring stretch y da, l 5 f 


Sa b ۱ ۲ ۱ 
CA - Y = su) stretch H 
ーー / 2 3 ZS bit b A' 


Sp stretch 2 0.0436 m 


Conservation e t Eri 7 M 


ーー 


P 
aN 
+ 
C 
1) 
ei 
+ 
く 


è 
2 
の 49 «9 = LL. وس‎ bs, it ۰ Cl) 


Ka = Spring stretch = 0.076 m 


<o‏ وس 
solve for m =% mz 1.198 l g‏ >= )1( 


(b) e Bats” Sprig stretch = 0,039 m 
T; + ,لا‎ +Ü _ = Ta +Y, 
+l = wad D as 
opro ود وت‎ + ¿Ex <) 


= 2 
* x LÉI: ..2) 20.2151 E " 

I, =L mb" = 4 (1.146) ( ) 
0:5" , 93 = spres stretch = 4.039 


Q)— Solve for U^ 一 人 Co, = 4,36 rady Cw | 


MIE 100S - Winter 2022 
Tutorial 11 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 6, Reserve Problem 6/070 
The center of the 200-Ib wheel with centroidal radius of gyration of 4 in. has a velocity of 2 


ft/sec down the incline in the position shown. Calculate the normal reaction N under the wheel as 
it rolls past position A. Assume that no slipping occurs. 


Se (on; 
lutions | f= 12 nm 


あい‏ 32.2 = 5&3 ا 


° = و۵۷‎ + BT 


N 
ON. = L oa. 8 E ۳ A 
دق‎ -— 200 LE Sin و3‎ + 12 Ciesz] = — 140.2 Ib 1+ 


OT=L Lle œ *) e) 


2 2 2 
de 268 4 E) )= 2.24 ی‎ 
32.2 (L) AT ) 


に d 
,له‎ = = 1.4 ۶ 
! 6⁄4 2 < 
Wa > Ka av va, 
6/2 
a 2 P 
= É 24)(4v 4%) 24.4400 17.94 
Cl) s nir = 2 (2 4)( 
OVa PE NE = |402 RATE 17.94 = o 
Vi" = 35. 30 V-5.44 TY. 
に 35,30 
SF > ma E KE SR کے‎ 
Sr: 1 18⁄1 2 
“ome ZZ 2 > [n=34¢ ib 


MIE 100S — Winter 2022 
Tutorial 11 - Problem 03 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 6, Reserve Problem 6/085 


A planetary gear system is shown, where the gear teeth are omitted from the figure. Each of the 
three identical planet gears A, B, and C has a mass of 0.8 kg, a radius r = 50 mm, and a radius of 
gyration of 30 mm about its center. The spider £ has a mass of 1.2 kg and a radius of gyration 
about O of 60 mm. The ring gear D has a radius R = 150 mm and is fixed. If a torque M = 5 
N:m is applied to the shaft of the spider at O, determine the magnitude of the initial angular 
acceleration a of the spider. 


A planetary gear system is shown, where the gear teeth are omitted from the figure. Each of the 
three identical planet gears A, B, and C has a mass of 0.8 kg, a radius r = 50 mm, and a radius of 
gyration of 30 mm about its center. The spider £ has a mass of 1.2 kg and a radius of gyration 
about O of 60 mm. The ring gear D has a radius R = 150 mm and is fixed. If a torque M = 5 
N-m is applied to the shaft of the spider at O, determine the magnitude of the initial angular 


acceleration a of the spider. 


Planetary Gear 
` M=0.8Kg 
"fg = 30 mm 
` ( = 50mm 

Spider Geogr 
M= 1.2 kg 
` 6 = bomm 

Ring Gear (Fixed) 
۰ R = (50mm 

Note: ads = udv , ade = wdw 


* Note thot the planetary Spin in the 
opposite direction Compa to the Spider 


` Poo principle of work ad energy 
9, 
Un | Nd 2 ds Aude ® 


8 


dT = dL + Y dla, © 
ider = Hw = LT اش‎ = に 
Lader. = س(‎ m > dtg) Towdw, = 00:46, (3 
2 Note thot the spider is fied so the Kinetic energy iS due to rotution only 
Trog = y lau + Emu 
d (Ting) = din: Lewy, = TaWadwa + MaUpdUVp — (9 


= TIAGadena 十 MAA, ds, 


D Note tat the planetary gears are both rotating, od translating wrt a fixed 
reference Frame , undergoing, general dengt motion. Hence we need to 
consider beth rotational 4 +ronsational Kinetic. energy. 


‘Derive a relotion converting Op dën, Ole, dee to ۵ fixed reference drome 
Governing Relation ۰ S=r8 , U=CW 
> The above relotionís) apply to the planetary gears Since the cing gar is Fixed so 
Sp ۶ ۲۵۵ , Up 2 ۲۵ Opt = CA 
S =(R-c)60 = rea j Üp=(R-C)Wo sr Wa j (Op) =(R-) do = F Oe 


Sp = )۸-0( 9, .- موه‎ =(R-Ode。 © 
es = Se y den = SS = LD ,وه‎ = ($ -1)doo ©) 


Urs (R-)wo , was Y =(£-1)w 
(8), (RDA, 9; Ola = Él JS -1) Ge @ 


Now all unknown tems are Fonctions of Oo, Qo, We. Substituting boc @,8,@ iro 
equation (4) 


A len = In Qada + Ma Ce dsp 


= ارجا‎ faa £ -1)0 i-)dest + Ma R- a t R- des 
ep ew doner CERS 


= MA | Feat (R -) Oe 080 + (ox 4e. | @ * All geometric 


relations ur.t 'o' 


Sue equotion O, © into @ and dropping Subscript "o 
ue = | {Tage + 3m (ra (9 age + (1-3 gas |] 
Mz | To + 3MA [fort (4-1) + (y | A 


EL K 8 too okm) " 3(08 ky) f easy x 4 1) + (oss ees] | q 


5 Nm = | 0.03606 Kn | Al 


Ji 


Q = DES = 135.281 d/s} 


A= 135.3 K wd% 


